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Project Goals: The Pacific Northwest National Laboratory Persistence Control Scientific Focus 

Area aims to gain a fundamental understanding of factors governing the persistence of engineered 

microbial functions in rhizosphere environments. From this understanding, we will establish 

design principles to control the environmental niche of native rhizosphere microbes. In our first 

funding period, we are examining the efficacy of genome reduction and metabolic addiction to 

plant root exudates in environmental isolates as persistence control strategies using the bioenergy 

crop sorghum and defined microbial communities as a model ecosystem. Effective persistence 

control will lead to secure plant–microbe biosystems that promote stress-tolerant and highly 

productive biomass crops.  

 

Abstract Text: The beneficial interactions between plants and rhizosphere microorganisms have 

been well documented over the past several years. More recently, researchers have explored ways 

of engineering microbial species to enhance these interactions and further promote plant growth. 

However, the introduction of engineered organisms to soil presents questions about how they can 

be restricted to their intended roles and not persist outside their functional or geographic niches. 

Genome reduction to remove key metabolic or stress-response pathways is one strategy to achieve 

this goal of niche restriction but its efficacy in the presence of genetic or metabolic 

complementation potential from the complex soil microbiome is not known. 

To investigate complementation dynamics for engineered soil microbes, we have developed 

several Synthetic Communities (SynComs) that were derived from a native soil microbiome 

harvested from sorghum fields. We established these SynComs directly from complex soil samples 

(top-down) or from mixtures of soil isolates (bottom-up) and collectively they represent defined 

microbial communities that provide a palette for genetic or metabolic complementation of 

genome-reduced species. Using growth on agar plates supplemented with sorghum root-exuded 

metabolites we reduced native soil microbiome complexity and developed SynComs comprised of 

tens of species with relatively even representation and containing a number of key soil microbial 

taxa. We show that these SynComs are initially dynamic in their development before stabilizing 

and falling in complexity and richness. Of the methods tested for cold storage we show that 

glycerol, and in some cases lyophilization, enabled reconstitution of communities with the least 

dissimilarity from the original SynComs. Finally, by growing SynComs across a range of single 

carbon sources we highlight their complementation potential. Among several C sources tested 

arginine, adenosine, mannitol, and hydroxycinnamic acid led to SynComs that maintained the most 

mailto:fonsecacitlali@gmail.com
https://gcc02.safelinks.protection.outlook.com/?url=http%3A%2F%2Fy.edu%2F&data=04%7C01%7Crobert.egbert%40pnnl.gov%7C250fca9a8e29459509d608d9cef21a77%7Cd6faa5f90ae240338c0130048a38deeb%7C0%7C0%7C637768361629743342%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C2000&sdata=pzOL%2FWyqc6igALRJG6CLuR3K9NS%2FoJnWFg1mORnQkvs%3D&reserved=0
https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fgenomicscience.energy.gov%2Fresearch%2Fsfas%2Fpnnlbiosystemsdesign.shtml&data=04%7C01%7Caaron.ogden%40pnnl.gov%7C64304cf800af47e34c0c08d8be6c348d%7Cd6faa5f90ae240338c0130048a38deeb%7C0%7C0%7C637468719237287465%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C1000&sdata=1Ub6iEvlayNn7UZbktBvTnzKRffFDgkFLb1GPpd7DXo%3D&reserved=0


diversity, suggesting that in soils with these C sources these SynComs could serve as wide ranging 

complementation sources. These experiments reveal how synthetic microbial communities can be 

generated and stored as tools for microbiome engineering and begin to show the species and carbon 

utilization pathways that represent the highest potential for metabolic complementation of 

genome-reduced species. Future experiments will focus on incubation of genome-reduced species 

with SynComs to characterize their complementation effects, pathways and kinetics to improve 

our ability to control the persistence of engineered bacterial functions in native soil systems. 
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